BACKGROUND: Black patients with lung cancer diagnosed at early stages-for which surgical resection offers a potential cure-experience worse overall survival than do their white counterparts. We undertook a population-based study to estimate the racial and ethnic disparity in death from competing causes and assessed its contribution to the gap in overall survival among patients with early-stage lung cancer.
The disparity in survival among black and white patients with early-stage lung cancer has persisted and widened since at least 1975. 1 For example, 5-year relative survival equaled 59.3% for whites diagnosed with localized lung cancer compared with 50.4% for similarly diagnosed blacks between 2005 and 2011. 1 Previous research has consistently found that the racial disparity in survival can be explained by lower rates of surgical treatment among blacks compared with whites. [2] [3] [4] [5] [6] [7] Surgical treatment considerably improves overall survival by substantially reducing the likelihood of death from lung cancer among patients with early-stage disease. [8] [9] [10] We do not know, however, if the disparity in survival among patients with early-stage lung cancer observed between blacks and whites extends to other racial and ethnic groups, such as Hispanics and non-Hispanic Asian and Pacific Islanders. Furthermore, we do not yet know if the rates of surgical treatment in these racial and ethnic groups explain any observed differences in survival. Assessing potential disparities in survival among Hispanics and non-Hispanic Asian patients with lung cancer is important for two reasons. First, lung cancer is the leading and second leading cause of cancer mortality for Hispanic men and women, respectively, and the leading cause of cancer mortality for Asians. 1 Second, the size of the Hispanic and Asian populations has grown faster over time than has that of nonHispanic blacks; Hispanics are now the largest minority population subgroup in the United States.
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In this study, we address this research gap by examining differences in survival among Hispanic, non-Hispanic Asian, non-Hispanic black, and non-Hispanic white patients with early-stage lung cancer. We further assess the source of differences in overall survival: differences in survival from lung cancer and differences in survival from all other causes, including smoking-related diseases such as other cancers, COPD, and cardiovascular disease (CVD).
Methods
We obtained survival time data for patients with lung cancer from the Surveillance, Epidemiology, and End-Results (SEER) 18 registry database from 2004 to 2013. The SEER 18 registries, which cover approximately 25% of the US population, form the largest, most representative, and longest running national cancer incidence database. We analyzed 105,121 Hispanic, non-Hispanic Asian and Pacific Islander (hereafter referred to as Asian), non-Hispanic black (hereafter referred to as black), and non-Hispanic white (hereafter referred to as white) patients diagnosed with stage IA, IB, IIA, and IIB lung cancer and included only the first matching record for each person. We also collected patients' sex, age at diagnosis (40-44, 45-49, 50-54, 55-59, 60-64, 65-69, 70-74, 75-79, 80-84 , and $ 85 years), lung cancer histologic type (adenocarcinoma, squamous cell, other non-small cell, and small cell), extent of surgical resection performed (less than one lobe, one lobe or more, no surgery), and radiation sequence with surgery (after surgery, before and after surgery, before surgery, given but sequence unknown, none). We set our study period (2004-2013) based on the first year of available American Joint Committee on Cancer, sixth edition staging.
First, we compared tumor characteristics, treatment, and mortality outcomes by race/ethnicity among patients with early-stage lung cancer using the t test statistic for a difference in proportions. Next, we compared case-fatality rates by race/ethnicity and cause of death standardized to the 2010 US population of adults aged $ 40 years. Third, we assessed receipt of surgical treatment by race/ethnicity. We also compared the reasons why no surgery was performed by race/ethnicity. Reasons classified in SEER included surgery not recommended, contraindicated due to other conditions, patient died before recommended surgery, unknown reason, and patient refusal.
Fourth, we fit a Cox proportional hazards model in which survival (from all causes) was a function of sex, age at diagnosis, race/ ethnicity, stage at diagnosis, histologic type, type of surgical resection, and radiation sequence. We assessed the proportional hazards assumption by plotting and testing the linearity of the Schoenfeld residuals against survival time for each covariate in the model.
Finally, we modeled survival time using a competing risk regression approach. A patient with lung cancer concurrently faces the risk of death from lung cancer itself and from competing causes of death. Conceptually, the competing risk regression approach models the time from lung cancer diagnosis to death from lung cancer-in the presence of competing causes of death-and accounts for sociodemographic, clinical, and biological factors. Specifically, we fit the semiparametric proportional hazard model for the subdistribution hazard of the cumulative incidence function originally developed by Fine and Gray. [12] [13] [14] We fit two such models: (1) death from lung cancer as the outcome of interest with death from all other causes as the competing event and (2) Standardized case-fatality rates for blacks exceeded the corresponding rates for whites for the three leading causes of death among patients with early-stage lung cancer (lung cancer, other cancers, and CVD) (Fig 1) . For example, the standardized lung cancer case-fatality rate equaled 7,386 deaths per 100,000 person-years for blacks compared with 5,416 deaths per 100,000 Table 2 ). Black patients with early-stage lung cancer were less likely to receive surgical treatment than were other racial and ethnic groups, primarily because surgery was more likely not to be recommended (34.5%; 95% CI, 32.9%-36.0%). In contrast, the proportion of Hispanic, Asian, and white patients with early-stage lung cancer for whom surgery was not recommended was substantially lower: 24.1% for Asians (95% CI, 21.6%-26.5%), 27.7% for whites (95% CI, 27.2%-28.3%), and 29.0% for Hispanics (95% CI, 26.5%-31.5%).
All-Cause and Competing Risk Model Results
Adjusting for demographic, clinical, and treatment characteristics (including receipt of surgical treatment), the hazard of death (from any cause) was significantly higher for black patients with early-stage lung cancer than for their white counterparts (adjusted hazard ratio [aHR], 1.05; 95% CI, 1.02-1.08) ( Table 3 ). In contrast, the hazard of death (from any cause) was significantly lower for Asian and Hispanic patients with early-stage lung cancer than for their white counterparts (aHR, 0.82; 95% CI, 0.79-0.86; and aHR, 0.93; 95% CI, 0.89-0.98, respectively).
Next, we determined whether higher all-cause mortality for blacks-accounting for receipt of surgical treatment-was the result of higher mortality from lung cancer or higher mortality from all other causes. Accounting for surgical treatment, the relative risk of death from lung cancer (conditional on no death from other causes) was not significantly higher for black patients with early-stage lung cancer than for their white counterparts (adjusted relative risk [aRR] 1.00; 95% CI, 0.96-1.04). In contrast, the relative risk of death from other causes (conditional on no death from lung cancer) was significantly higher for blacks than for whites (aRR, 1.07; 95% CI, 1.02-1.12). Thus black patients with earlystage lung cancer who received surgical treatment experienced higher all-cause mortality because of higher mortality from all other causes, rather than higher mortality from lung cancer.
In contrast to blacks, Hispanic and Asian patients with early-stage lung cancer experienced lower all-cause mortality compared with their white counterparts because of both lower mortality from lung cancer and lower mortality from all other causes. Accounting for surgical treatment, the relative risk of death from lung cancer (conditional on no death from other causes) was lower for Asians (aRR, 0.87; 95% CI, 0.83-0.92) than for whites, although not significantly lower for Hispanics (aRR, 0.95; 95% CI, 0.90-1.01) than for whites. The relative risk of death from other causes (conditional on no death from lung cancer) was also lower for both Asians (aRR, 0.77; 95% CI, 0.71-0.83) and Hispanics (aRR, 0.87; 95% CI, 0.80-0.94) than for whites.
Discussion
Our study assessed racial and ethnic disparities in survival, both overall and by cause (lung cancer and all other diseases) among patients with early-stage lung cancer. First, surgery was recommended less often for black patients with early-stage lung cancer than for other racial/ethnic groups. Second, black patients with earlystage lung cancer who received lung cancer surgery still experienced worse overall survival than did their whites counterparts. Third, the source of this disparity in overall survival-accounting for receipt of surgical treatment-was worse survival from other causes rather than from lung cancer itself. Fourth, the racial disparity in survival between blacks and whites did not extend to Hispanics and Asians. Both Hispanic and Asian patients with early-stage lung cancer experienced higher overall survival than did whites because of higher survival from all other causes death. Competing risk (death from lung cancer and death from competing causes) model. through a thoracotomy was the most common lung cancer surgery in the earlier period, contemporary procedures include sublobar resection and lobectomy through videoassisted thoracoscopic surgery (VATS). These advancements in the treatment of early-stage lung cancer yield survival outcomes equivalent to that of lobectomy through thoracotomy, with fewer complications, faster recovery time, and higher postsurgical quality of life.
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Harrison et al 19 found that black patients with lung cancer who received VATS experienced more than twice the in-hospital mortality as nonwhite patients with lung cancer who also received VATS: 3.0% vs 1.4%. 19 Moreover, white patients with lung cancer who received lung cancer surgery, regardless of technique, were less likely to experience postsurgical complications and postsurgical mortality than were blacks. cancer, especially women, may experience less smoking-related comorbidity than non-Hispanic whites. Finally, Hispanic patients may experience higher survival from other causes, compared with nonHispanic patients, because of lower prevalence of several chronic conditions, including coronary heart disease, hypertension, and COPD. 26 Our results support those of Ou et al, 27 who found that Asian patients with non-small cell lung cancer experienced better survival than did non-Asians. This survival advantage may result from a comparatively high percentage of never cigarette smokers among Asian patients with lung cancer who, therefore, do not experience smoking-related comorbidity. The molecular profile of lung cancer tumors differs between never cigarette smokers and cigarette smokers. 28, 29 For example, mutations in the EGFR gene are more common among never cigarette smokers than among cigarette smokers, whereas the opposite pattern occurs for mutations in the KRAS gene. 30 EGFR-positive and KRAS-negative patients with lung cancer experience lower rates of lung cancer recurrence. 31, 32 Many of the same factors that create racial and ethnic disparities in health for the general population may also contribute to lower survival from competing causes of death among black patients with early-stage lung cancer. These factors include socioeconomic status, discrimination, racial bias and racism, access to primary care, and quality of health care. Socioeconomic status affects health through multiple and well-documented pathways. [33] [34] [35] [36] [37] For example, the chronic and everyday discrimination that is faced more often by blacks than by whites is associated with coronary artery calcification, higher nocturnal blood pressure, and activation of the sympathetic nervous system. [38] [39] [40] Additionally, access to primary care is also lower among both blacks and Hispanics than among whites. 41 In 2012, for example, 84% of non-Hispanic blacks and 73% of Hispanics reported a usual source of health care compared with 86% of non-Hispanic whites. 26 Notably, the rate of health insurance coverage increased more among Hispanics than among non-Hispanic blacks and whites between 2013 and 2014 (from 76% in 2013 to 80% in 2014); this increase in coverage was likely due to continued expansion of health insurance coverage enabled by the Patient Protection and Affordable Care Act. 42 Even among adults with access to primary care, this care for black patients is largely concentrated among a subset of US health care providers who are, on average, less well trained. 43 Hospital-based care for black patients is similarly concentrated. 44 Providers serving black patients also tend to be fragmented from the rest of the health care system, 33 and black patients experience more difficulty obtaining specialty and subspecialty care, diagnostic imaging, and nonemergency hospital admission. 43, 45 Black patients may also receive suboptimal lung cancer care. 46 Epstein et al 47 found that black patients with lung cancer were 16 percentage points less likely to receive lung cancer surgery performed by surgeons with high surgical volume at hospitals with high surgical volume. Dimick et al 22 also
chestjournal.org found that black patients were more likely to receive lung cancer surgery at low-quality hospitals (as measured by procedure-specific mortality) than were white patients, even in areas of low racial segregation. Ultimately, lesser access to primary care and lower quality of care may interact to produce higher perioperative mortality and worse postoperative surveillance for recurrence of lung cancer, detection of other cancers, and treatment of comorbid conditions.
The lack of racial disparities in overall and causespecific survival among patients with early-stage lung cancer who receive care in the Veterans Affairs healthcare system further suggests that unequal access to health care may contribute to racial disparities in survival. 48 The lack of racial disparities in overall survival was also observed among participants randomized to the treatment arm (low-dose CT) in the multicenter randomized National Lung Screening Trial (NLST). 49 This observation in the NLST suggests that the increased access to health care that resulted from screening improved the management and treatment of chronic diseases for black trial participants. 49 In addition to the aforementioned health-care system level factors, differences in comorbidity level may partly explain racial disparities in the receipt of lung cancer surgery. In a study of > 1,300 patients with early-stage non-small cell lung cancer, the prevalence of several chronic conditions (eg, hypertension, liver disease, poor performance status) was higher for blacks than for whites. 50 A medical record review of nearly 600 patients with cancer concluded that greater comorbidity among black patients with early-stage lung cancer, compared with white patients, explained some of the difference in receipt of surgery. 51 These higher levels of comorbidity may explain, in part, why surgery was recommended less often for black patients compared with other racial/ethnic groups. Moreover, physicians may not detect higher levels of comorbidity if patients do not receive comprehensive preoperative physiological evaluations of cardiovascular risk and respiratory function. If the racial disparity identified in receipt of diagnostic services 52 extends to preoperative evaluation (eg, cardiopulmonary exercise tests), a higher proportion of underlying comorbidity may remain undetected among black patients with lung cancer. A second factor for the difference in receipt of surgery may be higher rates of refusal for lung cancer surgery among black patients compared with white patients. 51 This refusal may have cultural origins; for example, black patients were more likely to believe that tumors spread when exposed to air than were white patients surveyed in pulmonary and lung cancer clinics in three large medical centers. 53 Based on SEER data in our analysis, a higher proportion of black patients refused lung cancer surgery than did white patients (2.8% for blacks vs 1.9% for whites).
Differences in the rate of tobacco cessation after diagnosis may explain, in part, the racial and ethnic disparities in survival from competing causes of death. Although black participants in the NLST were more likely than white participants to report a 24-h or 7-day attempt to quit, 6 months of continuous abstinence was equally likely across racial groups in NLST. 54 In community-based studies, however, black smokers were less likely to attempt to quit smoking than were their white counterparts. 55, 56 Black smokers may be less likely to attempt to quit smoking and successfully quit smoking than white smokers because of greater use of mentholated cigarettes, which may contribute to higher levels of nicotine addiction. 57 Use of mentholated cigarettes may also attenuate the effectiveness of sustained-release bupropion. 58 Hispanic smokers are less likely to use nicotine replacement therapy or bupropion when attempting to quit smoking compared with nonHispanic white smokers. 59, 60 Our study has some potential limitations. First, our results may be subject to misclassification bias of the underlying cause of death on death certificates. Earlier studies conclude that the agreement in the cause of death between medical records and death certificates for lung cancer exceeded 93% and was among the highest across all cancers types. 61 Second, the SEER 18 registries do not capture the entire US population. Our results may not be generalizable to the national population of patients with lung cancer to the extent that the SEER 18 registries fail to represent more general lung cancer mortality outcomes. Our results may also not be generalizable because the racial and ethnic distribution and geographic distribution of patients in the SEER 18 registries differs from that of the entire US population. For example, blacks represent 11.6% of SEER patients compared with 12.6% of the national population, 62,63 and 21.6% of SEER patients reside in the South compared with 37.1% of the US population. 62, 64 The racial disparity in competing causes of death may be greater among patients residing in the South, where rates of diabetes, obesity, and stroke are higher than in the rest of the United States, 65, 66 than in patients residing in the West. Thus the skewed geographic distribution of the SEER data may yield a conservative estimate of the USwide disparity in competing causes of death among black and white patients with lung cancer.
Our study identified an important-and potentially modifiable-source of racial and ethnic disparities in overall survival among patients with lung cancer, namely, survival from competing causes of death. We posit several patient-, provider-, and health-care system level reasons why survival from competing causes of death may differ across racial and ethnic groups. Greater biological susceptibility to lung cancer and other tobacco-associated diseases may also contribute to worse survival for specific populations. Genetic studies yield inconsistent conclusions about whether mutational frequencies in lung cancer tumors differ between black and white patients. [67] [68] [69] [70] Future genetic studies will need to include more racial and ethnic minorities to definitively ascertain differences in mutational frequencies across populations. 71 Genotyping and genomic profiling may enable patients-regardless of their race or ethnicity-to receive personalized lung cancer treatments that extend survival. 72 
Conclusions
We found that worse survival from competing causes of death, rather than from lung cancer itself, led to disparities in overall survival among black and white patients with early-stage lung cancer. In contrast, better survival from competing causes of death led to the overall survival advantage of Hispanic and Asian patients with early-stage lung cancer compared with their white counterparts. Narrowing racial disparities in survival among patients with early-stage lung cancer will rely on more than just equalizing access to surgical resection. Rather, narrowing these racial disparities will require equal access-across race-to high-quality medical care that appropriately manages and treats smoking-related chronic conditions and diseases and other determinants of health.
